Abstract Considering the prevalence and consequences of health-risking sexual behaviors (HRSBs) and STDs among young adults, their prevention is a public health priority. Emerging etiological and prevention outcome literatures suggested study of the long-term effects of universal family-focused interventions on young adult HRSBs and STDs. Although earlier studies have demonstrated intervention impact on adolescent substance misuse, no study has examined universal family-focused intervention effects on young adult HRSBs and STDs via reductions in adolescent misuse. Sixth grade students and their families enrolled in 33 rural Midwestern schools were randomly assigned to experimental conditions. Self-report questionnaires provided data at pretest (Ns0238, 221, and 208 for the Iowa Strengthening Families Program [ISFP], Preparing for the Drug Free Years [PDFY], and control groups, respectively), with seven data points through young adulthood (age 21). In latent growth modeling, three young adult HRSB measures (number of sexual partners, condom use, substance use with sex) and lifetime STDs were specified as distal outcomes mediated by adolescent substance initiation growth factors (average level and rate of change). Results showed that the models fit the data and, except for condom use, there were significant indirect effects, with a higher frequency of significant findings for ISFP. The model additions of direct intervention effects on young adult outcomes generally were not supported, consistent with a model positing that longterm intervention effects on young adult HRSBs and STDs outcomes are indirect. As an indication of the practical significance of long-term effects, analyses revealed relative reduction rates ranging from 6 % to 46 % for significant outcomes.
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cancer, infertility, chronic pain, or death. For example, it is estimated that 15 % of cases of infertility among women can be attributed to chlamydia and gonorrhea infections (Eng and Butler 1997) . A full 80 % of cervical cancer cases are caused by four types of human papillomavirus, resulting in 14,000 new cases per year (CDC 1999) . There also are significant economic and social consequences associated with STDs, particularly economic costs related to treatment and detection. In 2000, the lifetime medical costs of STDs incurred by people ages 15-24 in the US were estimated at $6.5 billion (Chesson et al. 2004) .
As concerns the link between substance initiation and HRSBs/STDs, substance initiation in adolescence has been shown to predict a range of HRSBs and other problem behaviors that may continue into young adulthood (Guo et al. 2002; Leukefeld and Edwards 1999) . This earlier research provides a rationale for further examining (1) the link between universal family-focused preventive interventions and delayed substance initiation and, in turn, (2) the link between delayed substance initiation and subsequent HRSBs/STDs, as well as mechanisms underlying these two links.
Because many risk and protective factors for adolescent substance initiation originate in the family environment (notably, parental monitoring, parent-child affective quality, consistent discipline- Getz and Bray 2005; Wood et al. 2004) , family-focused preventive interventions have been developed and tested. In addition to these risk and protective factors, family-focused prevention interventions also target youth competencies and perceptions (e.g., peer refusal, perceptions of mastery-esteem) that are associated with risk for substance initiation (e.g., negative peer influences, reduced exposure to substance use opportunities- Spoth et al. 1996a Spoth et al. , b, 2009 Spoth et al. , 2012 . Consistent with these mechanisms of effects of universal family-focused intervention on substance initiation, efficacy testing has shown a number of these types of interventions, including the two in the current study, reduce either or both the level and growth of adolescent substance initiation or misuse (e.g., see National Institute on Drug Abuse 2003; Spoth et al. 2008) .
Although the mechanisms underlying the relationship between substance misuse and HRSBs/STDs (e.g., substance-related impairment of judgment and decisionmaking about sexual risk taking) warrant further elucidation, there is some empirical support for that relationship. This empirical support includes the association between substance misuse and increased numbers of sexual partners or less likely use of condoms. That is, alcohol and marijuana use have both been positively associated with number of sexual partners and negatively associated with condom use (Guo et al. 2002; Lowry et al. 1994; MacDonald et al. 1990; Temple et al. 1993) . In addition, alcohol use is especially likely to be associated with HRSBs in the case of first-time sexual events (Halpern-Felsher et al. 1996) . While most of these studies cited have been cross sectional, some investigations using growth curve models have found a positive relationship between substance use and HRSBs (Duncan et al. 1999; Guo et al. 2002; Oesterle et al. 2004) . Nonetheless, overall, results have been mixed (Fortenberry 1995; Lowry et al. 1994; MacDonald et al. 1990) .
Although earlier research provides a rationale for links between (1) universal family-focused prevention and delayed substance initiation or misuse and (2) substance misuse and HRSBs/STDs, no studies could be found that examined young adult HRSB and STD outcomes of universal family-focused interventions targeting adolescent substance misuse. Indeed, only a few studies have examined the effects of any type of universal preventive and positive youth development interventions on HRSBs and STDs among general populations. Typically, outcome studies evaluating HRSBs and STDs involve higher-risk populations; only in a limited number of studies were HRSBs directly targeted for intervention. From these studies, there has been some evidence that preventive interventions do affect HRSBs, albeit primarily indirectly (Olsen and Farkas 1990; Melchior 1998; Satcher 2001) . Consistent with the etiological research cited above, one way that familyfocused interventions could indirectly reduce HRSBs, and consequent STDs, is via reductions in adolescent substance misuse.
In consideration of findings that risk and protective factors persisting through the adolescent developmental stage predict to substance misuse outcomes in young adulthood (Guo et al. 2002) , an earlier study tested a developmental meditational model in which family-focused preventive intervention effects on adolescent substance initiation growth factors were shown to mediate effects of those interventions on problematic substance use in young adulthood (Spoth et al. 2009b) . That is, in a latent growth model, intervention condition was specified as a predictor of the intercept and slope of adolescent substance initiation from the sixth to twelfth grades; young adult alcohol, tobacco or illicit substance use was specified as the distal outcome predicted by growth factors of adolescent initiation. The intervention indirect effects on young adult substance use were significant. The addition of direct intervention effects on young adult outcomes was not supported, indicating that effects were primarily indirect. A similar model of mechanisms of effects of family-focused preventive interventions on adolescent initiation and distal young adult HRSBs and STDs was hypothesized in the current study.
The tested developmental model builds on epidemiological research concerning the public health benefits of delayed onset of substance use. The study addresses gaps in the literature concerning an array of outcomes in emerging or early adulthood (Chen, et al. 2004; Offord and Bennett 2002) -the developmental stage characterized by substantial changes in roles and responsibilities across all types of environments (home, work, school). Key healthrelated behaviors at this stage, affected by adolescent substance use, are sexual ones.
In addition to addressing a gap in the knowledge base on the long-term young adult effects of universal interventions implemented in early adolescence, the tested model addresses other issues specified in the literature. These issues are summarized from an earlier, more detailed description (Spoth et al. 2009b ). First, it has been difficult to demonstrate indirect or mediating effects of interventions across developmental stages (Ennett et al. 2001; Mason et al. 2008; Shrout and Bolger 2002) . In part, this is a result of complex causal pathways-across interrelated physical, emotional, cognitive and social processes leading to specific problem behaviors over time (Masten et al. 2008) . The difficulty of tracking intervention effects through complex developmental processes warrants starting with consideration of a parsimonious model, with intervention effects on the growth of substance initiation during adolescence predicting to young adult outcomes. Thus, the tested developmental model posits that the proximal effects of the intervention reduce the level and rate of growth in adolescent substance initiation, and that these effects are the primary means by which long-term intervention effects on young adult HRSB and STD outcomes are produced.
Second, key methodological shortcomings related to the examination of mechanisms of long-term intervention effects also are addressed, including limited application of growth curve analyses in earlier studies, resulting from too few data time points, and reliance on retrospective reports in many of the prior studies (see Hawkins et al. 2005) . Further, recent methodological advances have addressed concerns about missing data in longitudinal studies by utilizing newer methodologies, such as Full Information Maximum Likelihood (FIML) estimation to provide more accuracy in statistical testing (Muthén et al. 1987; Wothke 2000) .
Third, a key issue in earlier investigations of long-term preventive intervention effects is limited attention to the practical significance of intervention effects, particularly key when effects are expected to be primarily indirect. One approach to this issue is to estimate effects on "caseness" for each long-term outcome, with caseness defined as levels of HRSBs/STDs that likely are problematic from a public health perspective, as was done for this report.
The particular sexual behaviors examined in this study are consistent with the existing literature in this area, although our measures were limited by the space available in the survey instrument. The specific outcome measures assessed in the current paper include history of STDs, number of past year sexual partners, past year condom use, and substance use in conjunction with sex. In accordance with the tested developmental model, it was hypothesized that universal family-focused intervention effects on young adult HRSB and STD outcomes would occur primarily indirectly, via effects on adolescent substance initiation growth factors. Because there have been only positive or null intervention effects on substance-related outcomes across six waves of data, with no negative effects, study hypotheses were directional. Specific p values are reported so both one-and twotailed test results are clear.
Method

Sample
The study began when participants were sixth graders enrolled in 33 rural Midwestern schools. Schools districts had ≥15 % of families eligible for free or reduced-cost school lunches; community populations were ≤8,500. A randomized block design, based on school size and proportion of lower-income households, guided school assignment prior to pretesting. Schools within blocks were randomly assigned to one of three experimental conditions: those receiving the seven-session Iowa Strengthening Families Program (ISFP), the five-session Preparing for the Drug Free Years (PDFY), or a minimal-contact control condition.
All families of sixth graders were recruited for participation (N01,309). Six hundred sixty seven (approximately 51 %) completed pretesting-238 ISFP group families, 221 PDFY group families, and 208 control group families. Recruitment rates compared favorably with, or exceeded, those commonly reported for similar prevention trials at the time (see Spoth and Redmond 1994) . Refusal rates were similar across conditions. At the time of pretesting, participating families did not know their assigned experimental condition, although they knew some schools would be offered interventions. Pretested intervention-school families were recruited for the programs after pretesting; those families in the intervention condition schools who did not participate in the pretest assessment were allowed to enroll in the interventions but were not actively recruited and did not provide data for analyses. At pretest, the mean age of the participating students was 11.3 years; 52 % were female; 98 % were White. Also, 86 % of participating families were dual-parent (64 % dual-biological parents). Almost all mothers and fathers had completed high school (97 % and 96 % respectively), and over half reported additional education. Median household income was $33,900.
Sample participation information (assessments from pretest through the young adult follow-up, along with prevention program enrollment) is available online at http:// www.ppsi.iastate.edu/publicationsupplements/PF154/ 154figure.pdf.
Sample Quality
Detailed descriptions of tests conducted to establish sample representativeness and pretest equivalence, as well as to rule out differential attrition, are provided in earlier reports (Spoth et al. 1998 (Spoth et al. , 1999 (Spoth et al. , 2001 ). Current and earlier analyses found: (a) the study sample was representative of families in the targeted population; (b) there was pretest equivalence of the intervention and control conditions with respect to family sociodemographic characteristics, substance use and other outcome measures; (c) there was no evidence of differential attrition between intervention and control conditions through the young adult assessment. To elaborate on differential attrition assessments, ANOVA tests of attriters by intervention condition from pretest (Wave 1) to young adult (Wave 7) demonstrated no significant difference across conditions; there were no significant differences on attrition status by condition, on any of the young adult variables examined in this study. In condition x drop out status ANOVA analyses, Wave 1 to Wave 6, the related p values ranged between 0.32 and 0.92.
Interventions: Description, Implementation Fidelity, and Participation PDFY Intervention PDFY (currently called Guiding Good Choices) is a family competency-training program offered in five weekly 2-h sessions. The primary objectives of PDFY are to enhance protective parent-child interactions and to reduce children's risk for early substance initiation. The PDFY intervention design was guided by the social development model (Catalano and Hawkins 1996) . Additional details on the theoretical underpinnings of PDFY are provided in earlier reports (Spoth et al. 1998 (Spoth et al. , 2001 ).
After training, 15 two-person teams implemented PDFY with 19 groups of families in the 11 PDFY schools, with an average of 10 families per group. Approximately 56 % of pretested families attended at least one session; 94 % of the attending families were represented by a family member in 3 or more sessions. Notably, 93 % attended 4 or 5 sessions and 61 % attended all five. On average, 16 individuals attended the parent sessions, and an average of 25 individuals attended the one session that included both parents and children. Results from fidelity observations showed that, although there was some variability in group leaders' delivery, all teams covered the key program concepts. In addition, the teams were found to have covered an average of 69 % of the component tasks in the group leader's manual. For greater detail regarding the theoretical foundations, content, and implementation of the PDFY intervention, see Kosterman et al. (1997) and Spoth et al. (1998) .
ISFP Intervention
The ISFP (now called the Strengthening Families Program: For Parents and Youth 10-14) is based on empirically-supported risk and protective factor models; earlier summaries provide a detailed description of the empirically-based risk and protective factors addressed through the ISFP intervention design (Kumpfer et al. 1996) . The program is offered in seven weekly sessions, with the first six lasting 2 h and the last one being held for 1 h. The trained implementers included 21 three-person teams conducting 21 groups in the 11 ISFP schools. Group sizes ranged from 3 to 15 families, with an average of 8 families or 20 individuals attending the weekly sessions. Approximately 50 % of pre-tested families attended at least one session; 94 % of these families were represented by a family member in 5 or more sessions. Also, 88 % attended 6-7 sessions, and 62 % completed all 7. Sessions began with separate, concurrent 1-h skill-building sessions for parents and children, followed by a second 1-h joint session in which parents and children together practiced skills that had been introduced in their separate sessions. Trained observers monitored the implementation quality of each team two or three times and reported coverage of all key program concepts, averaging 87 %, 83 %, and 89 % of the component tasks in the group leader's manual for the family, parent, and youth sessions, respectively. Further detail on the ISFP, implementation procedures, and quality of implementation can be found in Kumpfer et al. (1996) and Spoth et al. (1998 Spoth et al. ( , 2001 ).
Minimal Contact Control Condition Families participating in the control group were mailed four leaflets describing aspects of adolescent development (e.g., physical and emotional changes, as well as parent-child relationships). Control group families received this information concurrent with the implementation of the PDFY and ISFP programs in the intervention groups.
Procedure
Families were contacted to schedule the in-home pretest assessment visit; posttesting was approximately 6 months later. All pretested families-including intervention group families who had not enrolled in the interventions-were recruited to complete the posttest and follow-up adolescent assessments. Thus, pretested families were reassessed approximately 6, 18, 30, 48, and 72 months following the pretest (when students were in the sixth, seventh, eighth, tenth, and twelfth grades, respectively). Subsequent to the above assessments, an additional follow-up interview was conducted when the targeted children had entered young adulthood, at the approximate age of 21. This assessment did not include parents. Trained interviewers conducted Computer Assisted Telephone Interviews (CATIs) with the young adults. Participants were reimbursed for the time required to complete assessments across all waves.
Measures
Young Adult Number of Sexual Partners in Past Year-NSP Participants were asked "In the past 12 months, how many people have you had sex with (including vaginal, anal, and oral sex)?" Participants were requested to respond with the actual number of partners in the past year.
Young Adult Condom Use in Past Year-CU Participants were asked "In the past 12 months, how much of the time was a latex condom used when you had sexual intercourse?" Response choices included "(1) None of the time (2) Less than half of the time (3) About half of the time (4) Most of the time (5) Always (8) Don't Know (9) Refused;" the latter two responses were treated as missing for the analyses.
Young Adult Substance Use and Sex-SUS Participants were asked two questions "When you have sex, how often have you been drinking alcohol?" and "When you have sex, how often have you been using drugs other than alcohol, such as marijuana or cocaine?" Both questions had the following response choices "(1) Never (2) Less than half of the time (3) About half of the time (4) Most of the time (5) Always (8) Don't Know (9) Refused;" the latter two responses were treated as missing for the analyses. Both items were dichotomized into "Never" 0 0 and "Less than half of the time" to "Always" 0 1 and then summed to create the SUS scale, where 0 represented not having used alcohol or other drugs during sex, 1 represented having used alcohol OR other drugs during sex, and 2 represented having used alcohol AND other drugs during sex.
Young Adult Lifetime Sexually Transmitted DiseasesLSTDs Participants were asked "Have you ever been diagnosed with a sexually transmitted disease (STD or VD) other than HIV/AIDS, such as gonorrhea, genital warts, chlamydia, trich, herpes, or syphilis?" Possible responses were yes, no, don't know and refused; responses of don't know and refused were treated as missing for the analyses. Responses of "No" were coded as 0, and "Yes" as 1.
Adolescent Alcohol, Tobacco, and Other Drug (ATOD) Initiation Index (AAII-Waves 1 to 6) This measure is the sum of five individual substance initiation measures, each scored so that "Yes" 0 1 and "No" 0 0. Scores ranged from 0, indicating no initiation, to 5, indicating the initiation of alcohol use (without parental permission), drunkenness, tobacco, marijuana, and other illicit drugs. In this context it is noteworthy that Sneed and colleagues (2004) compared three methods of constructing lifetime substance use indices-a count variable, an index weighted by severity, and a hierarchical index-and concluded that the relationships between the various indices and predictor variables were roughly equivalent for a general population sample with little ethnic diversity.
Internal consistency of the composite measure, as assessed by Cronbach's alpha, averaged 0.60 across waves. This relatively lower level of internal consistency is not unexpected in light of the fact that the individual items of the composite measure refer to disparate substances and behaviors among which only mid-range correlations would be expected. Measures were corrected for consistency so that if a participant answered "Yes" for initiation of a substance at any wave, responses were scored as "Yes" for each subsequent wave.
Analyses
Latent growth curve models were used to assess intervention effects on adolescent initiation (AAII) growth factors and, in turn, AAII growth factor effects on young adult HRSB and STD outcomes. As depicted in Fig. 1 , the model specifies direct effects on the young adult outcomes from the latent intercept and slope factors describing growth in AAII across Waves 2 (posttest in 6th grade) to 6 (12th grade) of the study. The specified latent growth factor loadings on the observed measures of AAII set the growth model intercept to the midpoint of the post-intervention period, to most appropriately reflect the average level of initiation across the adolescent developmental stage. Growth across time was modeled as linear (polynomial contrasts reflecting unequally spaced time points were fixed at −2.4, −1.4, −0.4, 1.1, 3.1). The growth factor indicators were modeled with an autoregressive error structure, and the latent intercept and slope factors were allowed to correlate. The model also controlled for preintervention (Wave 1) AAII effects on the subsequent adolescent growth factors and young adult outcomes. Other specified control variables measured at Wave 1 were: gender, parent marital status, parent education level, and family income. Finally, the influence of assignment to the intervention condition (versus the control condition; coded 0 0 control condition and 1 0 intervention condition) was incorporated via direct effects on both the intercept and slope factors of AAII, with resulting indirect effects on young adult outcomes through those growth factors. In this manner, the model tested for indirect intervention effects on young adult HRSB and STD outcomes that were accounted for by intervention effects on both the average level (intercept) and rate of change across time (slope) of AAII.
Although the substantive and methodological literature reviewed in the introduction supported the hypothesized developmental model focusing on indirect effects, further SEM model testing was conducted to examine direct intervention effects, in two ways. First, simple direct effects were calculated using the same covariates as the indirect effects model, but eliminating the adolescent growth factors as mediators of intervention effects (eliminating paths a, b, c and d in Fig. 1 and substituting a direct path from intervention condition to the young adult outcome-see Muthén 1998-2010) . As suggested by the literature reviewed earlier, such effects were not necessarily expected to be significant or large, due to the length of time between intervention implementation and the young adult outcomes (see Shrout and Bolger 2002) . In this context, it is important to note that Mplus utilizes the delta method developed by Sobel (1986) to calculate indirect effect significance levels and confidence intervals. Further, recent literature on mediation has suggested that under certain circumstances, including the assessment of distal effects, it is not necessary to have a significant direct effect in order to test for mediation (Shrout and Bolger 2002; MacKinnon et al. 2007) .
To conduct an additional test of indirect effects and to confirm that intervention effects on young adult outcomes operated primarily through effects on adolescent developmental growth factors, supplemental model testing was conducted that added a direct path from intervention group participation to the young adult outcomes, while also maintaining the indirect effects pathways through the growth factors. The models examined the significance of the direct and indirect effects, as well as overall model fit. Model fit was compared by using a chi-square difference test with the Yuan-Bentler T2* test statistic, an empirically-supported test developed to adjust for clustered sampling and conditions of multivariate nonnormality (Fouladi 2000; Muthén 1998-2010) .
Because adolescents were clustered within schools, school was included as a higher-level cluster variable in the analyses to accurately estimate standard errors and avoid potentially biased significance tests (Kreft and deLeeuw 1998) . Robust maximum likelihood estimation was used to address effects of non-normality and non-independence of observations. Analyses were performed with Mplus 6.1 Muthén 1998-2010) , using Full-Information Maximum Likelihood (FIML) estimates with incomplete data to yield more efficient and less biased parameter estimates than traditional methods for dealing with missing data, and to allow for estimations based on all the available data (Muthén et al. 1987; Wothke 2000) . The approximate percentage of those missing all data at young adulthood was 26-27 %. In the case of condom use, as well as substance use and sex, those who had no sex partners in the past year, along with those who were virgins, were excluded so the percentage missing was higher.
In addition to the chi-square value, model fit was evaluated with two indices, as recommended by Coffman (2008) : the root mean square error of approximation (RMSEA: Steiger and Lind 1980) and the comparative fit index (CFI : Bentler 1990) . Values of the CFI ≥ 0.95 and the RMSEA≤0.06 are considered to reflect good model fit (Hu and Bentler 1999) .
Finally, secondary analyses were conducted to evaluate the practical significance of the intervention effects, as specified in the introduction. For these analyses, cut points were selected for the continuous outcome variables, allowing them to be recoded into dichotomous variables representing positive versus negative "caseness" for that outcome. The dichotomized outcome variables were evaluated for indirect intervention effects using estimates from the same model specification as was applied in the continuous outcomes analyses. The potential impact of each intervention was determined by computing Relative Reduction Rates (RRRs) based on the estimated percentage above the cut points. RRRs indicate the proportion of cases prevented, relative to how many would have occurred in the absence of the intervention.
Cut points for dichotomizing the variables, other than lifetime STDs, were determined by considering variable values TIME 2 TIME 3 TIME 4 TIME 5 TIME 6 Fig. 1 Model of universal intervention effects via adolescent growth in substance initiation. Note. Controlling for gender, T1AAII, T1 Parents' Marital Status, T1 Family Income and T1 Parent Education; Intercept was specified at the midpoint of the adolescent time frame indicative of appreciable risk in the studied population. For NSP, since multiple sexual partners create risk for negative outcomes (e.g., increased exposure to STDs, increased possibility of unwanted pregnancies), having one or zero sexual partners during the past year is likely to be lower risk (Yarber et al. 2008 ). In the current sample, approximately 72 % of young adults had one or zero partners during the past year; therefore, the remaining 28 % who reported two or more partners were considered higher risk. For CU, approximately 30 % of our sample reported always using condoms; the remaining 70 % were considered to be at higher risk. For SUS, approximately 44 % never combined alcohol or drugs with sex; the other 56 % were considered to be placing themselves at risk based on literature indicating risk of combining the use of substances with sex (Duncan et al 1999; Oesterle et al. 2004) .
Results
A table presenting the means and standard deviations of the study variables by intervention group and a table reporting the correlations among the study variables are available online at http://www.ppsi.iastate.edu/publicationsupplements/PF154/ 154tables.pdf. Table 1 presents the model fit indices and standardized parameters for analyses conducted for each intervention and each outcome, as illustrated in Fig. 1 . An examination of the fit indices suggests that the models fit the data. Although the chi-square value was significant for most models, the fit indices were within acceptable limits. Further, results were consistent with the hypothesized developmental model; the indirect intervention effects on young adult sexual behavior-related outcomes through the AAII growth factors were significant, with the exception of the models predicting past year CU (note that the CU variable is coded so that higher scores indicate a higher frequency of condom use).
An examination of the hypothesized pathways of effect demonstrates a somewhat different pattern of results for the two interventions. The ISFP intervention significantly predicted both the intercept (the "a" path) and slope (the "b" path) for AAII. PDFY intervention effects on AAII growth factors, although significant, were weaker overall. The results presented in Table 1 also indicate that there was some variation across the outcomes as to whether the intercept or the slope related most strongly to the outcome variable.
As noted in the description of the analytic strategy, simple direct effects were examined as well. Models specifying the control variables and intervention condition directly predicting the young adult outcomes were tested. Findings indicated significant ISFP direct effects on lifetime STDs (p00.002) and SUS (p00.004). A significant direct PDFY effect on lifetime STDs also was found (p00.046).
Additional analyses considered a modification of the model shown in Fig. 1 , adding a direct effect path from the intervention to the young adult outcomes. This model modification was supported only for the model testing ISFP effects on lifetime STDs; there was a significant improvement in model fit (Δc 2 ð1Þ ¼ 4:45, p00.035), the direct effect path was significant (β0−0.07, p00.043), and the total effect of ISFP on lifetime STDs improved (β0−0.12, p00.002). However, there were no analyses for which inclusion of the direct effect altered the direction or significance of the indirect effect. In this context, it is important to note that the direct path that was added reflects any direct or indirect effect of the intervention on the outcomes not accounted for by the interventions' indirect effect conveyed via the AAII growth factors. Thus, the overall pattern of results detailed above provides consistent support for the model hypothesizing that the interventions' effects on the distal HRSB and STD outcomes are predominantly conveyed indirectly, through effects on AAII.
Because failure to use condoms and substance use with sex would likely be less risky in the context of a married or cohabitating relationship, post hoc two-group analyses were run to assess whether the influence of the interventions on those two variables differed by relationship status. For PDFY, 36.9 % were married or cohabitating and, for ISFP, it was 33.9 %. Results indicated a stronger ISFP effect on SUS for single individuals (indirect ISFP effect, β0−0.07, t0−1.95) than for married or cohabiting individuals (indirect ISFP effect, β0−0.02, t00.70); single individuals in the ISFP group were significantly less likely to combine substance use with sex than control condition single individuals, whereas the difference between ISFP and Control married or cohabitating individuals was non-significant. For PDFY, no differences between groups were found.
Finally, the aforementioned supplemental set of RRR analyses was conducted to provide insight regarding the practical significance of intervention effects on HRSB and STD outcomes. These analyses utilized the dichotomous versions of the young adult outcome variables; intervention effects obtained from these analyses correspond to the estimated probability of an individual achieving caseness. The estimated percentages above the cut points for intervention and control groups were used to calculate the RRR of each intervention for each outcome.
1 An examination of Table 2 indicates that significant indirect effects were found for 1 The estimated sample size of those above the cut points was calculated from the model by multiplying the estimated proportions of those who were above the cut points for each condition by the corresponding condition sample size; the estimated proportion and sample size of those below the cut points were then calculated by subtraction. The predicted percentages above the cut points for intervention and control groups were used to calculate the Relative Reduction Rate (RRR) of each intervention for each outcome. The RRR is calculated by subtracting the estimated percentage of those above the cutoff in the intervention group from the estimated percentage of those above the cutoff in the control group and dividing by the estimated percentage above the cutoff in the control group. ISFP on lifetime STDs, NSP, and SUS; significant indirect effects were found for PDFY on lifetime STDs and SUS. There were no significant indirect effects on CU for either intervention. The RRR was calculated for each analysis to estimate the percent of "cases" that were likely prevented as a result of the intervention. These estimated values indicated that RRRs for lifetime STDs were 46 % for ISFP and 18 % for PDFY. The other significant outcomes ranged from 6 % to 22 %. Higher RRRs were obtained for the ISFP intervention, as compared with PDFY, consistent with results for the continuous variable outcomes.
Discussion
The combination of the prevalence rates and consequences of HRSBs and STDs among young adults present a compelling case for examination of prevention intervention outcomes during this developmental stage. From this perspective, there is a striking gap in the knowledge base. That is, no studies could be found that evaluated the potential benefit of universal family-focused preventive interventions previously shown to impact a key predictor of young adult HRSBs and STDs-adolescent substance initiation.
Essentially, this type of study requires evaluation of intervention effects on developmental pathways leading to young adult sexual risk-taking. To address these challenges, a parsimonious developmental model was constructed, positing that long-term effects of universal family-focused preventive interventions on a range of sexual behavior-related outcomes would be conveyed primarily indirectly, via direct effects on adolescent substance initiation growth factors.
The key finding of the study is that both of the universal family-based interventions showed indirect long-term effects on HRSB and STD outcomes. The specific pattern of influence-whether indirect effects were primarily through the substance initiation level (intercept) and/or the initiation slope factors-varied across outcome variables and interventions. The general pattern of results was consistent with the hypothesized developmental model; that is, both ISFP and PDFY had significant indirect effects on three of the four outcome measures (number of partners, lifetime sexually transmitted diseases, and substance use and sex) through the adolescent substance initiation growth factors.
As noted earlier, neither of the interventions was found to have a significant effect on condom use. Reasons for the observed null findings with this particular outcome are unclear. The construction of the survey item on condom use, requiring frequency estimations over a year-long period, may have reduced measure sensitivity or accuracy. Also, the high proportion of the sample in committed relationships may have contributed to this null finding. Although the more limited condom use in this type of relationship probably is less risky, the individuals in such relationships also are less likely to use condoms. In addition, reviews of earlier studies have revealed some mixed findings in the relationship between substance use and condom use and have indicated the factors influencing the relationship are not well understood (e.g., The National Center of Addiction and Substance Abuse 1999). Although ISFP effects and PDFY effects were not directly compared, the differences in the pattern of findings for ISFP and PDFY are noteworthy. First, with regard to the significant indirect effects noted above, ISFP's level of significance was stronger for each of the outcomes. When direct effects between the interventions and the outcomes were examined, both ISFP and PDFY had a significant direct effect on lifetime STDs, but only ISFP had a significant effect on substance use and sex (the effect of PDFY was marginally significant). In other instances, when ISFP effects have been found to be stronger than PDFY effects, explanations have included the greater length of the ISFP program and the involvement of the target child in the intervention (e.g., see Spoth et al. 2001) .
Another point of difference between ISFP and PDFY concerned the subgroup analyses that were based on partner status for substance use with sex. There was a significant intervention effect for ISFP, but not for PDFY, on substance use with sex for single individuals; single individuals who attended ISFP were significantly less likely to combine substances with sex than singles in the control condition, whereas there was not a significant intervention effect for married/cohabitating individuals. Further examinations of ISFP effects found singles overall (ISFP and control condition) were almost twice as likely to combine substance use and sex as were married/cohabitating individuals. Thus, in a manner of speaking, being married or cohabitating confers a protective effect (married/cohabitating status did not differ by intervention condition). Single individuals, absent the protective effect of having a more permanent partner, appeared to be at a higher degree of risk and more likely to demonstrate stronger ISFP effects. Across the findings on both interventions, there was consistency in the mediating role of the adolescent substance initiation growth factors, particularly when considering results from model fitting that added a direct path from the intervention to the young adult outcomes. In only one case-the ISFP versus control lifetime STD model-did adding a direct path to the model result in a significant improvement in fit. In none of the models, however, did adding a direct path change the significance level of the indirect influences of the interventions through the adolescent substance initiation growth factors. Although results do not suggest a clear explanation for the observed direct ISFP effects on lifetime STDs, and no definitive conclusions can be drawn, it is possible that intervention effects on additional predictors of STDs, such as number of sexual partners or substance use and sex, also are mediators of the direct intervention effects on STDs demonstrated in the model.
The results addressing the practical significance of study findings, indicated by the estimated proportion of participants surpassing the specified "cutoff" values and thereby achieving caseness, suggest that ISFP and PDFY have longterm benefits that extend beyond effects on adolescent substance initiation. Intervention effects on adolescent substance initiation may have set the stage for improved young adult decision-making related to HRSBs by initiating a cascading effect on variables associated with both young adult substance use and HRSBs, such as effective problemsolving and assertiveness. This may have contributed to the estimated RRR for the ISFP intervention of 22 % on a key young adult outcome-past year number of partners. Also, it may be the case that, in addition to indirect effects on dichotomous young adult outcomes, intervention effects on more than one sexual partner (RRRs were ISFP 0 22 % and PDFY 0 9 %) and on pairing substance use and sex (RRRs were ISFP 0 9 % and PDFY 0 6 %) help explain intervention effects on lifetime STDs, by lowering the contributory risks. The reader should remain cognizant of the relatively low STD rates in this sample and how that contributes to the size of the RRR of 46 % for lifetime STDs for ISFP. Nonetheless, the constellation of reported effects on key outcomes could have important public health benefits in reduced social and medical costs for those individuals and communities who participated in these relatively short and cost-effective (Spoth et al. 2002) preventive interventions.
A key limitation of the study concerns generalizability. Although our sample was predominantly white and rural, it seems likely that similar effects would be found in other populations-but that remains to be verified. Other common limitations in community-wide longitudinal effectiveness trials include sample attrition and reliance on self-reported behaviors. Our approach supports confidence in the robustness of the results, though readers should remain cognizant of these threats to validity. Specifically, we addressed sample attrition concerns by ruling out differential attrition and by using full information analytic techniques. As concerns the self-report validity issue, prior research supports the validity of substance use self-reports (Smith et al. 1995; Kraus and Augustin 2001; Williams et al. 1995) . In addition, it is noteworthy that differential biases associated with the experimental conditions (e.g. social desirability) would not likely be operating at the young adult data collection point, so many years following the intervention.
Future study will focus on whether positive outcomes are sustained through the young adult years. It also will entail further examination of the mechanisms for the intervention effects. One of these potential mechanisms is the role of the adolescent's social networks. Some research has suggested that a "positive contagion" effect of the interventions via social networks (e.g., participating youth model peer refusal skills for non-participating youth) may be partially responsible for the effects. Other planned research will be an examination of the mediational role of interventioninduced reductions in adolescent exposures to substance use opportunities (called a "protective shield" effect- Spoth et al. 2009a Spoth et al. , b, 2012 ) that, in turn reduces use and serves as a deterrent to various other risky behaviors, including HRSBs.
